It is shown that the N=2 superconformal transformations are restricted N=1 supergauge transformations of a supergauge theory with Osp(2,2) as a gauge group.
Introduction
The importance of two dimensional (2d) gravity and supergravity is crucial in providing an understanding of non-critical string theories and lattice models formulated on random surfaces. In the continuum formulation of these models, it became evident from the work of Polyakov et al. [1] , that a further insight into the quantization of induced 2d quantum gravity is obtained if one employs a particular gauge, known as the chiral gauge. This particular choice of gauge led Polyakov to discover that the theory possesses a gauge symmetry based upon the non-compact group SL(2,R), a result which was obtained by an explicit calculation of the correlation functions for the gravitational field surviving the chiral gauge.
The extension of these results to the cases of both N=1 and N=2 2d supergravity has also been performed [1, 2, 3, 4, 5] .
It has now been established that the appearance of the SL(2,R) symmetry in induced 2d quantum gravity is connected to the fact that the structure of conformal symmetry exhibits a hidden SL(2,R) current algebra symmetry [6, 7, 8] .
In [6] , it was demonstrated that diffeomorphisms can be obtained from restricted SL(2,R) gauge transformations. One starts with a two dimensional gauge theory described by the gauge fields A z λa and Azλa * where a takes values in the set {+, −, 0} and is the SL(2,R) group index. Now partially fix a gauge by imposing the three conditions,
In this gauge the residual gauge transformation of T becomes the action of Virasoro algebra on the spin-2 stress energy tensor and therefore the dynamics of the restricted gauge theory describes the geometric quantization of the Virasoro algebra [17] . The reason why the gauge field A z λ− becomes a spin two field is because in the "background field" A z λ+ = 1, the internal isotopic space becomes equivalent to a two dimensional space-time [6] . This geometrical observation can then be employed to explain the relationship between the Wess-Zumino-Novikov-Witten (WZNW) action [9, 10, 11, 12] with the group SL(2,R) and that of Polyakov's two dimensional gravitation action. An equivalent analysis has been performed in [7, 8] using the method of Hamiltonian reduction.
In [14] the results of [6] were generalized to the case of N=1 superconformal symmetry. It was shown that N=1 superdiffeomorphisms can be obtained from restricted N=1 Osp(1,2) supergauge tranformations. By exploiting this, the relationship existing between induced N=1 2d supergravity and N=1 Osp(1,2) WZNW is analysed.
In this paper, the case of N=2 superconformal symmetry will be considered.
It will be shown that the N=2 superconformal symmetry [19] can be obtained from restricting the supergauge transformations of a (1, 0) supergauge theory with Osp(2,2) as a gauge group. Based on this result, the method of [6, 14] is generalized to the case of induced (2, 0) 2d supergravity. We also comment on the case of induced (2, 2) 2d supergravity. The case of N=2 2d supergravity is of particular interest since unlike the case of N=0 and N=1 2d supergravity, its chiral gauge formulation is valid for any space-time dimension. Thus it is relevant to the study of supersymmetric four dimensional noncritical strings.
This work is organised as follows. In section 2, the formulation of induced (2, 0) 2d supergravity in the superchiral gauge [3, 4] is reviewed. The relationship between the action constructed on the coadjoint orbit (of purely central extension) of the N=2 superVirasoro group [15] and that of induced (2, 0) 2d supergravity in the superchiral gauge is also presented. In section 3, a (1, 0) supergauge theory with the gauge group Osp(2,2) is considered. By fixing a partial gauge, a reduced theory is obtained which has the N=2 superconformal symmetry. The relationship between the induced (2, 0) 2d supergravity action in the superchiral gauge formulation and the geometric action of N=2 superVirasoro group is then derived, providing a canonical derivation of the Osp(2,2) current algebra symmetry in induced (2, 0) 2d supergravity. In addition, a composition formula for the geometric action of the N=2 superconformal group is also derived. This is the (2, 0) supergravitational analogue of the Polyakov-Wiegmann identity of the WZNW model [12] . In the last section, we discuss our results and suggest a relationship linking, respectively, the super current algebras Osp(1,2) and Osp(2,2) with the N=1, 2 superconformal algebras.
(2, 0) supergravity in the superchiral gauge
In this section, the formulation of induced (2, 0) 2d supergravity in the superchiral gauge is reviewed. The (2, 0) superspace is described by two Grassmann coordinates (θλ+ 1 , θ 2 λ+), which can be combined into a single complex Grassmann coordinate, θ. The (2, 0) superspace coordinates are thus given by the set (z,z, θ,θ). The rigid (2, 0) supersymmetry algebra can then be described as,
where D θ = ∂ θ +θ∂ z , Dθ = ∂θ + θ∂ z . In curved superspace, the supercovariant derivatives are given by,
where E A λM are the vielbeins, w A are the spin connections and M is the Lorentz generator. The constraints in (2, 0) 2d supergravity [18] are
where Σλθ and R are the superfields whose first components are the supercovariant field strengths for the component gravitino and graviton respectively. In order for the constraints to satisfy the Bianchi identities, the following relations must hold,
In solving the constraints and choosing the superchiral gauge, it was found [3, 4] that the theory can only be described in terms of the unconstrained superfield Hzz and that the solution of the constraints is given by
The equation of motion of the superfield Hzz is derived by using the anomaly equation [3, 4] ,
Expanding Hzz in terms of a set of fields Jλa as,
and then calculating the Ward identities of the theory in terms of the fields Jλa, it was demonstrated [3, 4] that the theory possesses an associated Osp(2,2) current algebra.
Before discussing the relation of (2, 0) 2d supergravity in the superchiral gauge to the coadjoint orbits of the N=2 superVirasoro group, we briefly review the construction of dynamical systems having the coadjoint orbit [16, 17] of a Lie group as a phase space. On the coadjoint orbits of a Lie group G, a G-invariant symplectic structure can be defined [16] , that is, there exists a natural antisymmetric bilinear form which is both closed and nondegenerate. This symplectic structure can be constructed as follows. An element u of the Lie algebra G of G maps a coadjoint vector a of the smooth dual space Gλ * to the coadjoint vector u(a) defined by 
The symplectic 2-form ω, is given by [16] ,
The action S of a dynamical system defined on W b can now be constructed by integrating the two form ω over a two dimensional submanifold Σ of the coadjoint orbit,
The above algorithm has been used to construct actions on the coadjoint orbits of the Kac-Moody and Virasoro groups and their supersymmetric extensions. (For a review see [15] and references therein.)
In the case of the N=2 superVirasoro group, the elements of the group are given by the superdiffeomorphisms X and Θ, satisfying the chirality and the superconformal conditions,
The action constructed on the coadjoint orbit of purely central extension is given by
The relation of the induced (2, 0) 2d supergravity action, when formulated in the superchiral gauge to (14) becomes transparent if one parametrizes the superfield Hzz as
where f and ψ are respectively Bose and Fermi (2, 0) superfields satisfying the same conditions as X and Θ, i.e.,
Under the infinitesimal (2, 0) superdiffeomorphisms,
the transformation of the new superfields are given by
where Eλz = δz +θδθ +θδθ. Using the relations (15), (16) and (18), one can recover the transformation of the superfield Hzz, which is given by,
The induced (2, 0) 2d supergravity, can then be obtained from (14) via the following set of transformations,
super gauge transformations and superdiffeomorphisms
In this section, we show that the action describing the dynamics of the N=2 superconformal algebra, i.e., the action (14), can be obtained by partially fixing a certain gauge in the (1, 0) supersymmetric Osp(2,2) gauge theory. The relationship between the (2, 0) 2d supergravity action to the coadjoint action is a consequence of the properties of the super WZNW model.
The orthosymplectic group Osp(2,2) is generated by four bosonic generators 
We consider a (1, 0) supersymmetric two dimensional gauge theory with Osp(2,2)
as a gauge group. The (1, 0) superspace is described by the coordinates (z,z, θλ+)
where θλ+ is a real Grassmann coordinates. The rigid (1, 0) supersymmetry algebra can then be described as,
where D + = ∂ θλ+ + θλ + ∂ z . The (1, 0) supergauge theory has two sectors, a supersymmetric left-moving sector described by the chiral spinor A θλ+ and a right bosonic sector described by the chiral vector Az. The gauge transformations of the gauge fields are given by,
where f λa bc are the structure constants of the Osp(2,2) algebra and ǫλa are the gauge parameters. The effective action of the gauge field A θλ+ is given by,
Its variation under gauge transformations is,
where Jz is the gauge current satisfying the anomaly equation,
and k is a constant. Using this anomaly equation together with the gauge transformations of the gauge fields, we then obtain,
where ǫ is a matrix gauge parameter taking values in the algebra of Osp(2,2) (and ǫ is obtained from ǫ by multiplying its fermionic elements by a factor of minus one). If we parametrize A θλ+ by
then the action S(A θλ+ ) is given by a (1, 0) WZNW model S 1 (g) [20] , with Osp(2,2)
as a gauge group. Similarly one can parametrize Az = ∂zhhλ−1, where h is a group element of Osp(2,2) and find that the effective action of the gauge field Az is also given by a (1, 0) Osp(2,2) WZNW model, S 2 (h). The final form of the total effective action is then,
where the last term is added to insure gauge invariance. In terms of the new parameters, a finite gauge transformation on A θλ+ and Az is given by,
As the effective action is invariant under this transformation, this implies the following symmetry,
If we set U = hλ−1 or U = gλ−1, we can then deduce that
and in particular,
Finally, using (29), (32) and (33), we arrive at the (1, 0) supersymmetric extension of the Polyakov-Weigmann composition formula [12] ,
We will now partially fix a gauge by imposing the following conditions,
In explicit components, the gauge transformations of the supersymmetric leftmoving part of the theory are given by,
parameters must satisfy,
These equations, when substituted back into the transformations of A θλ+ λ−1 and
If we write
extra spin acquired by T, G 1 , G 2 and U is due to the fact that in the background (A θλ+ λ 1 2 ) 1 = 1, the isospin −1/2 is equivalent to the spin 1/2.
In the partially fixed theory, δS(A θλ+ ) reduces to
With the identification (39), Eq. (44) describes the dynamics of the N=2 stressenergy tensor, U z ,
where δS(U z ) represents the variation of S(U z ) under the N=2 superconformal transformation, parametrized by the (2, 0) superfield Eλz. In addition, we can also write δS(U z ) as,
where Lzz is some function of U z . Comparing the above two equations and using
we deduce that Lzz must satisfy the following equation,
Defining the action S(Hzz) as the Legendre transform of S(U z ) [6] , its transformation under superdiffeomorphisms is then given by,
where Z z satisfies the following equation,
and the transformation of the superfield Hzz is given by (19) . Finally, we define the combined action
current algebra in its left-moving sector, while its right-moving sector is described by a bosonic Osp(2,2) current algebra. In the reduced supergauge theory, the symmetry of the left-moving part is reduced to the N=2 superconformal symmetry, while the right-moving sector still has the current algebra symmetry.
The finite form of (47) and (19) can be represented, respectively, by
which for convienience will be written as,
Using this notation, (Xλ−1, Θλ−1,Θλ−1) is defined as,
The invariance of the combined action W (Hz ,z , U z ) under superdiffeomorphisms implies the relationship,
If we set (X 1 ,
, then the above equation gives
This relation is the supergravitational analogue of Eq.(33),
and explains why one obtains the induced (2, 0) 2d supergravity action from the geometric action when
Finally, we obtain the supergravitational composition formula
This is the (2, 0) supergravitational analogue of the composition formula (34) of the (1, 0) super WZNW model.
Let us summarize what we have done. The relationship existing between the induced (2, 0) 2d supergravity in the superchiral gauge formulation to the geometric action describing N=2 superconformal group is verified. Also, the action S s.vir λ(2, 0) is derived as a constrained supergauge theory. The constrained theory has a left-moving section with the N=2 superconformal symmetry, while the right-moving part has an Osp(2,2) current algebra. Thus our analysis provides a canonical derivation of the Osp(2,2) current algebra of the induced (2, 0) 2d supergravity theory in the superchiral gauge.
Discussion
The analysis of this paper can be easily generalized to the case of (1, 1) Osp(2,2) supergauge theory. In this case, the original theory has both its left and rightmoving sectors described by an N=1 Osp(2,2) current algebras. Imposing the conditions (35) on the left-moving sector gives a reduced theory with the leftmoving sector having the N=2 superconformal symmetry and the right-moving sector having the N=1 Osp(2,2) current algebra. The reduced action can be simply deduced by replacing ∂z by D θλ− in the action (54)
where D θλ− = ∂ θλ− + θλ−∂z, θλ− is a right-moving Grassmann coordinate and Θ = Θ(z,z, θ,θ, θλ−) satisfies the conditions (13) . We suggest that the action (64) could be relevant to the case of induced (2, 2) 2d supergravity. However the superchiral formulation of this case and the derivation of the associated current algebra remains to be analysed.
In the introduction it was pointed out that a similar analysis to the one in [6] has been done in [8, 7] using the Hamiltonian reduction method. In this method, one imposes a constraint on the phase space of the SL(2,R) WZNW model, then the constrained model has a residual symmetry which is then used to gauge away a further degree of freedom giving a model describing the geometric action of Virasoro algebra. The same method was also used in [13] where it was shown that the N=1 and N=2 superconformal algebra has a hidden Osp(1,2) and Osp(2,2) current algebra respectively. However, our calculations together with the analysis of [14] suggests that the symplectic structure of N=1, 2 superconformal algebras can also be obtained via the Hamiltonian reduction from that of N=1 Osp(1,2), Osp(2,2) current algebra respectively. A complete analysis of this suggestion based on the free field realization [22, 23] of the super current algebras will be reported on in a separate publication.
